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Total number of fifty-eight patients with unilateral hemisphere lesions and 
twenty-four normal controls were given three visuospatial tasks, namely visual 
matching of briefly presented design, depth perception by adjusting the two rod 
distance, and continuous visual reaction time in central and lateral fields. The right 
hemisphere group, but not the left hemisphere group, was significantly worse than the 
control group on both tasks of visual matching and visual reaction time. Performance 
on visual matching task was closely related to stimulus exposure duration, as well 
as to laterality of lesion. In visual reaction time, superior performance was found in 
the visual field contralateral to the intact hemisphere for each patient group. On 
the contrary, the control group exhibited no such lateralized differences. In depth 
perception, while all the patient groups were impaired relative to the control group, 
neither difference nor trend was found between the patient groups. The relation-
ship between visual deficits following right hemisphere lesions and hemispheric atten-
tional process is discussed. 
The right hemisphere has been traditionally referred to as minor, or non-dominant, 
but recent evidence indicates that the right hemisphere mediates non-verbal functions 
such as spatial orientation, perception of complex patterns and ability to construct 
complex configuration. Kimura & Durnford (1974), in their normal studies, suggested 
that functions which are basic to visual perception - perception of line direction, depth 
perception, rapid scanning of a number of stimuli, and visual point location - were all 
shown to depend more on right hemisphere activity than on left hemisphere activity. 
Warrington & Rabin (1970) showed that the patients with right hemisphere 
lesions, especially right parietal lesions, made more errors than those with lesions of 
the left hemisphere in tasks of perceptual matching, including slope of line, position of 
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dot and size of gap in contour. It has been demonstrated by many investigators that 
the right hemisphere plays a crucial role in mediating spatial thinking, with special 
reference to the performance of unilateral hemispheric lesions on appropriate visual 
tasks, such as identifying line direction (Benton, et al., 1975), random design (Rosenthal 
& Fedio, 1975), position discrimination (Pohl, et al., 1972) and depth perception 
(Carmon & Bechtoldt, 1969; Benton & Hecaen, 1970). 
As to another aspect of left visual field superiority in right-handed normals, 
Bakan (1969) reported that the direction of conjugate eye movement was related to 
contralateral hemisphere thought. Kinsbourne (1975) hypothesizes that a symmetrical 
activity of the cerebral hemispheres produces asymmetrical attentional processes, 
which lead to laterally unequal performance. Therefore, we should take into considera-
tion the effects of hemispheric attentional process or response biases, which could 
possibly account for differences in performance related to the side of hemisphric lesions. 
Concerning reaction-time (RT), a general accepted observation is that brain-
damaged individuals, regardless of the affected side, are significantly slower than non-
brain-damaged in both simple and choice RT (Miller, 1970; Bruhn & Parsons, 1971; 
Dee & Van Allen, 1973). It is of interest to examine this sensory-motor performance 
in relation to visual half-field advantage. 
The following problems are investigated in the present series of experiments: 
(1) Whether or not does the stimulus exposure duration influence the interhemispheric 
difference in visual matching task? (Experiment I) 
(2) In depth perception with binocular input, are the motion parallax cues differently 
processed by each of the patients with unilateral hemispheric lesions? (Experiment 
II) 
(3) When the signals are presented randomly to each visual field, are there any 
differences in the RT between the lateral fields? (Experiment III) 
EXPERIMENT I 
METHOD 
Subjects: Three groups of patients from the Physical Medicine and Rehabilitation 
Department of the Narugo Branch of the University Hospital, with a final diagnosis of 
unilateral hemisphere lesions due to cerebrovascular disease, were studied. Group RHL 
consisted of 9 patients with lesions confined to the right hemisphere, as determined by 
clinical examination and ancillary investigations (i.e., angiography, electroencephalog-
graphy) and, in certain cases, by operative findings. Group LHL- consisted of 9 
patients with lesions confined to the left hemisphere. In this group, no patients had 
any types of aphasic disorder. Group LHL+ consisted of 9 patients with lesions 
confined to the left hemisphere and was diagnosed as some types of mild aphasia. 
The control group comprised 9 subjects, members of the hospital personnel, who had 
no history or evidence of brain disease. All the patients and the control Ss satisfied the 
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following conditions: they were right handed, had no visual deficits and unilateral 
neglect, and were capable of understanding the instructions and of reading figures. The 
mean ages of group RHL, LHL-, LHL+, and control were 55.6 years (SD=8.7), 53.9 
years (SD=7.4), 42.2 years (SD=5.9), and 41.2 years (SD=7.5), respectively. 
Apparatus: All stimuli were presented through a slide projector (Kodak Carousel, 
Model 800), employing 35 mm mounts. Exposure durations were controlled by means 
of an electric shutter (SANWA, SB-13) and a preset timer (SANWA), which allowed for 
a continuous variation of exposure times from 5 msec. The screen and exposure fields 
measured approximately 36 X 24 em, subtending a visual angle of about 300 at the 
retina (150 either side of the fixation point). 
Test Stimuli: Two kinds of test material were employed: thirty figures of the 
Benton Visual Retention Test (BVRT), which involved three equivalent series in 
complexity each series consisting of ten figures, and nine figures of the Bender Gestalt 
Test (BGT). Thirty-nine answer cards were prepared. Each card contained the 
correct figure plus three alternatives on a 26 X 18 em plain index card. The three 
alternatives were matched to the some types of error defined by Benton (1963). 
Procedure: S was seated facing a screen at a viewing distance of approximately 
50 em, with his head immobilized by a support. The S was instructed to fix his 
gaze on the screen, then, when a figure appeared, to keep looking at each figure until 
the light went off. Each presentation was preceded by an oral ready signal to 
maximize attention and fixation on the center point. The S viewed the figure in the 
screen, then looked down at the answer card with four alternatives, which was placed 
adjacent to the screen, and pointed to one of the four alternatives that he felt he had 
just seen. When it was clear that the instructions were well understood (2 presenta-
tions), a series of 39 figures were presented in the following order: 
1. BVRT-Series I (10 figures, each of which was exposed for 10 msecs.) 
2. BVRT-Series II (10 figures; each for 100 msecs.) 
3. BVRT-Series III (10 figures; for 1000 msecs.) 
4. BGT (9 figures; for 100 msecs.) 
Each of the 36 Ss, randomized across all of the subgroups, was presented the entire 
series of 39 figures and was required to answer to all trials. Testing order was constant 
for all Ss, and the experiment was completed in a single half-hour session. 
RESULTS 
The mean percentage-correct score for each group, for each stimulus duration, IS 
shown in Fig. 1. Inspection of the data in Fig. 1 reveals that all groups obviously tend 
to increase the percentage-correct as a function with increase in stimulus duration. 
It seems likely that a ceiling effect is masking a difference among the patient groups as 
the stimulus duration becomes longer. Comparison between the two types of test 
material, figures of the BVRT and of the BGT (both of which were presented at 100 
msec.), will enable us to find the results be of an almost equal pattern. 
60 
(%) 
100 
75 
'" .... 0 
c75 
'g 50 
.... 
... 
0 
u 
" C\l 25 
'" ~
0 
T. H 0 s 0 k a w a, A. I sag 0 d a and N. S h i buy a 
BVRT-figure BGT-figure 
10 msec. 100 msec. 1000 msec. 100 msec_ 
Fig. 1 Mean percentage-correct score in visual matching: 
(~ RHL, § LHL-, IIIllIIIIIIII LHL+, 0 control) 
Table 1. Two-Way ANOVA for Visual Matching 
of BVRT-figures. 
SOUROE S d.f. v 
Group (A) 142.5 3 47.5 
Duration (B) 313.7 2 156.9 
AxB 21.1 6 3.5 
Error 320.2 96 3.3 
Total 797.5 107 
* p<.OO5 
F 
14.4* 
47.6* 
1.1 
(%) 
100 
75 
50 
25 
o 
The findings of the BVRT-figure matching were statistically evaluated by a 4 
(groups) X 3 (stimulus durations) analysis of variance. The results (see Table 1) may 
be summarized as follows: (a) Both the main effects were highly significant. (b) No 
significant (groups) X (stimulus durations) interaction was found. In the BGT-figure 
matching, the groups were also significantly different (F=6.00, p<.025). 
Separate t-tests indicated that the performance of the control group was 
significantly superior to that of each patient group in overall efficiency on this task 
(p<.01). For 100 msec., while the control group was significantly more accurate than 
RHL, there was a slight trend showing that the aphasic and non-aphasic patients with 
left hemisphere lesions, LHL- and LHL+, were impaired relative to the control. 
However, for 10 msec., RHL was significantly impaired compared with both the 
control (p<.01) and LHL+(p<.01), but no significant difference between RHL and 
LHL-. By contrast, for 1000 msec., neither significant differences nor interesting 
trends were observed between all patient groups. As a whole, it should be noted that 
the patients with right hemisphere lesions had a possible deficit in visual matching task, 
but the brain-damaged patients exhibited a significant inaccuracy compared with 
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Fig. 2 Principal com.ponent I plotted against com.ponent II. 
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non-brain-damaged Ss. In addition, there was a somewhat difference between aphasic 
and non-aphasic patients with left hemisphere lesions. 
For the data of patient groups, a principlal component analysis had been made to 
assess the intercorrelations between the following 13 variables: age, sex, diagnosis 
(hemorrhage or infarction), side of the hemispheric lesion, presence or absence of 
aphasia, post-onset-days, mean percentage-correct in the stimulus durations (10, 100 
and 1000 msec.) and numbers of each type of error in visual matching task (omission, 
distortion, rotation and displacement). A configration employing the first two 
principal components, which accounted for almost two thirds of the total variance in 
the correlation matrix, is given in Fig. 2. The results from this analysis suggested as 
follows: (a) The first component appeared principally to reflect the threshold of visual 
perception and the factors which influenced it. (b) The second component was clearly 
related to a visual acuity or an impairment of visual perception. 
EXPERIMENT II 
METHOD 
Subjects: The experiment was administered to 12 patients with good evidence 
of unilateral hemisphere lesions (6 with lesions to right hemisphere [RHL] and 6 with 
lesions to left hemisphere including 2 mild aphasics [LHL]) and to 6 normal controls, 
who were members of the hospital personnel. All Ss satisfied the conditions identical 
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to those of the Experiment I. The mean ages of group RHL, LHL, and control were 
55.3 years (SD=14.3), 53.5 years (SD=14.8) and 47.2 years (SD=6.0), respectively. 
Apparatus: In the box (70 X 30 X 20 cm), of which inside was painted white, two 
vertically oriented rods, painted flat black with a diameter of 0.2 cm and length of 17 
cm, were viewed through an aperture (16 X 6 cm) in the front panel at eye level. The 
distance from the zero point (central rod) to S was about 41 cm. Inside of the box 
was electrically illuminated by two of 10 watt fluorescent lamp. The central rod was 
stationary and the adjustable rod was mounted on one of two sliding tracks positioned 
on the left and right side of the center. The adjustable rod was set, 5 cm in front 
of or behind the central rod, subtending a visual angle of approximately 4° at the retina, 
and was driven electrically at a speed of 3.3 cm per second. 
Procedure: S was seated in front of the box, placing his index finger on the 
response-button, and was instructed to fixate the central rod accurately in a binocular 
viewing condition. The adjustable rod approached (foreward) or receded (backward) 
from S at a constant speed by E's control. As soon as the two rods appeared 
equidistant from him, the S had to stop the adjustable rod by depressing the button. 
Each trial was preceded by an oral ready signal to maximize attention. When the 
practical trials had been performed (foreward-5 trials, backward-5 trials), a series of 
40 trials were carried out under the following two conditions: One was in case of 
adjustable rod on the right side of the central rod and another on the left side. Each 
condition included 10 fore ward and 10 backward trials. The order of both stimulus 
conditions were performed mutually for all Ss, randomized across all of the groups. 
Between trials, S was told to close his eyes until E had replaced the adjustable rod. 
RESULTS 
Four scores were obtained for each S. The score consisted of mean difference m 
rod depth on the 10 trials in each condition. Scores and standard deviations are 
shown in Fig. 3. Inspection of Fig. 3 reveals that overall scores of both patient 
groups are greater than that of the control group. However, in each condition, there 
was no difference between the each patient group and control, as well as between the 
patient groups. 
Compared the foreward condition with the backward one, in which there was no 
significant difference, for each visual field, in both control and LHL, we found a 
significant difference in RHL only for the right visual field (t=3.24, p<.02). On the 
contrary, in control, we observed significant differences between the left and right 
visual field for both foreward and backward condition (t=5.66, p<.01; t=3.49, p<.02, 
respectively). It seems likely that the control S is inclined to estimate the 
adjustable rod farther from him, in case of the adjustable rod in the left visual field, and 
estimate closer in case of it in the right visual field. On the other hand, no such a trend 
was observed in either RHL or LHL. 
The results of this experiment were summarized by means of a three-way 
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Fig. 3 The ;mean scores and standard deviations of depth perception for each group: 
[RHL (.-0); LHL (.-.-.-.); control (0- - - -0)] 
Table 2. Three-Way ANOVA for Depth Perception 
SOUROE S d.!. v F 
Group (A) 
I 
37.7 2 18.8 0.7 
Visual Field (B) 407.1 1 407.1 16.1* 
Direction of Move (C) 350.2 1 350.2 13.9* 
AxB 20.0 2 10.0 0.4 
BxC 20.7 1 20.7 0.8 
AxC 154.3 2 77.2 3.1 
AxBxC 47.3 2 23.7 0.9 
Error 1516.1 60 25.3 
Total 2492.2 71 
* p<.005 
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analysis of variance (Table 2). While the main effect of groups was not significant, the 
other two main effects (visual fields and directions of rod moved) were highly significant. 
There appeared to be some interaction between groups and directions of rod moved, 
but not significant. 
The following remarks may be concluded: (a) In depth perception, brain-damaged 
Ss were inferior in performance compared with non-brain-damaged Ss. (b) However, 
patients with right hemisphere lesions were not inferior to patients with left hemisphere 
lesions in performance. 
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EXPERIMENT III 
METHOD 
Subjects: The experiment was administered to 27 patients with good evidence of 
unilateral hemisphere lesions (consisted of groups RHL, LHL--, and LHL+, which 
previously described in Experiment I, and each group comprised 9 patients) and to 9 
normal controls, who were members of the hospital personnel. All Ss satisfied the 
conditions identical to those of the Experiment I, as well as the Experiment II. The 
mean ages of group RHL, LHL--, LHL+ and control were 57.4 years (SD=IO.0), 53.8 
years (SD=7.0), 40.0 years (SD=7.0), and 41.0 years (SD=7.2) respectively. 
Apparatus: The stimuli consisted of three red-light emitting diodes (3 mm in 
diameter) mounted in a horizontal line 13 cm apart on a black panel about 50 cm in 
front of the S. The three diodes were arranged in the center, left, and right visual 
fields for each S, subtending a visual angle of approximately 30° at the retina. When 
the light appeared, the S depressed the button slightly, and then the light went off. RT, 
the time between stimulus onset and button-press, was recorded by a Visigraph (SAN-
EI, FR 102). 
Procedure: S was seated in front of the test panel, with his head immobilized by a 
support, and was instructed for the continuous RT experiment. Then the S was 
directed to place the index finger of his hand on the button, ipsilateral to the side of the 
lesion in order to avoid the possible effect of motor impairment on performance (in 
control Ss, the right hand), waiting for the first light to come on. In response to a 
stimulus light, the S should depress the button as fast as possible, and then wait for 
the next light to appear. Only one of the three lights would appear at a time, and the 
light varied randomly in location and inter-stimulus interval. When 10 practical 
trials were given to assure that instructions were understood, the S was again urged to 
respond as fast as possible and then the actual task was initiated. Twenty-one trials 
(7 trials per each location) were given in sequence. The inter-trial interval ranged 
from 2.0 to 3.0 sec. and the duration of stimulus was 1.0 sec. 
RESULTS 
The mean continuous visual RTs of group Rill, LHL--, LHL+ and control, for 
the three visual fields, center, left and right, are presented in Table 3. 
These data were evaluated statistically by two-way analysis of variance, assessing 
the main effects of diagnostic groups (Rill, LHL--, LHL+ and control) and of visual 
fields (center, left and right) and their interaction for RT. The main effect of groups 
was highly significant (F=10.13, p<.005), reflecting the slower RTs of all the patient 
groups. However, both the main effect of visual fields and the (groups) X (visual fields) 
interaction were not significant. 
Further analysis by t-tests indicated that the normal controls had faster RT than 
other groups, Rill (t=4.73, p<.Ol), LHL--(t=3.03, p<.Ol) and Lill+(t=1.89, p 
Visual Matching, Depth Perception and Continuous Reaction Time 
Table 3 Mean Reaction time (in ;msec.) of Four Groups 
for Each of the Three Visual Fields 
(N=9 each group) 
Visual Field 
Group Left 
I 
Center 
I 
Right 
MEAN (S.D.) MEAN (S.D.) MEAN (S.D.) 
RHL 699(226) 549(16'1) 503(130) 
LHL- 465(22'1) 498 (US) 544(169) 
LHL+ 4'15 (2'lS) 465(231) 513(269) 
Control 329( 'IS) 29S( 82) 303( '13) 
(msec.) 
1~r------.-------r------'-------~----~ 
800 
600 
400 
zoo 
L 
0.0 
o 
R 
O&-----~------~--____ L_ ____ ~ ____ ~ 
200 400 600 800 1000 
Fig. 4. Visual half-field difference in ;mean RT for each individuals, 
(L!. RHL, 0 LHL-, • LHL+, D Control) 
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<.10), when summed across the visual fields. Comparison between the patient 
groups, RHL had the longest RT but not significant. Although RHL revealed the 
significant superiority of the right visual field over the left (t=2.69, p<.05), both LHL-
and LHL+ exhibited the relative superiority of the left visual field over the right. By 
contrast, in control group, there was no difference between the central and both the 
lateral fields. 
Fig. 4 shows the scatter of RT in each group Ss. It will be noted that while a 
left-right difference is obvious in both RHL and LHL-, it appears there is no impressive 
difference in LHL+, the control group showing no difference. No performance decline 
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was present in all groups. 
The results may be briefly summarized as follows: (a) Brain-damaged Ss were 
significantly slower and more variable in visual RTs than non-brain-damaged Ss on a 
continuous task with random inter-stimulus intervals. (b) In patients either with 
left or right hemisphere lesions, RTs to stimuli presented on the visual field contralateral 
side of lesion were longer than in case of the stimuli presented to the ipsilateral side. 
On the contrary, in control Ss, no such lateralized difference in RTs was noted. (c) 
Patients with right hemisphere lesions had longer RTs as a whole than aphasic and non-
aphasic patients with left hemisphere lesions. 
DISCUSSION 
The results of these experiments have suggested that patients with right 
hemisphere lesions exhibited more deficits than patients with left hemisphere lesions, 
regardless of presence or absence of aphasia, on performance of somewhat demanding 
visuospatial tasks. However, in Experiment I, while the right hemisphere group made 
more errors than other groups at the briefest exposure duration (lO msec.), at the 
longest duration (lOOO msec.) there was no significant difference between the patient 
groups. It is noteworthy to consider that quality of perception may be influenced by 
unspecific factors such as aging. Error analysis elucidated that brain-damaged Ss 
were impaired in general in correct recognition of figures as compared with non-brain-
damaged, and that inaccurate perception could be related to reduction of immediate 
memory. 
The findings of Experiment II is in accordance with the conclusions of Lehmann & 
Walchli (1975), not with the documentations that disturbances of depth perception are 
preferentially associated with lesions of the right hemisphere, especially right parietal 
lesions (Carmon & Bechtoldt, 1969; Benton & Hecaen, 1970; Rothstein & Sacks, 1972). 
It appears for our experiment that no evidence has been found which supports the right 
hemisphere specialization for processing information of moving parallax. 
Results of Experiment III demonstrated that both left and right hemisphere 
groups revealed ipsilateral field superiority in continuous RT task, although the 
control group showed an equally performance for presentations in both lateral fields. 
Rosenberger (1974) reported that, in visual discrimination learning, a peak shift of 
stimulus generalization occurred on the opposite side of the hemispheric lesion. This 
trend should be important for us to understand the effect of subsequent sensory hemi-
inattention. An injured hemisphere may produce a generalized diminution of atten-
tion in its contralateral field. The results seem to be explained from the view point of 
Kinsbourne's proposal (1970): the arousal of each hemisphere alerts attentional 
processes in the contralateral field. 
As to simple tasks of visuospatial perception, Taylor & Warrington (1973) allowed 
that no comparable selective deficit had been found, except position discrimination, 
in patients with right hemisphere lesions including right posterior group. It is 
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suggested that the perceptual defect of right hemisphere group can be elicited when 
only the perceptual difficulty of the task is varied. From this view point there is 
differentiation of function between two hemispheres within the total perceptual 
recognition process. 
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